Featured Application: A proposed model of the segmentation of customers, which were obtained with the use of neural networks, can be useful for quality managers in automotive, auto repair shops owners, insurance companies managers, allowing for predicting customer loyalty on a basis of formal characteristics and to take proper activities to make or keep customer loyal. Abstract: Background: In the study, we researched if it is possible to identify the segments of customers of auto repair shops with the use of neural networks? The study attempts to contribute to literature by way of classifying customers of the auto repair shops, accordingly to their loyalty, with the use of advanced statistical methods. Methods: The paper covers classification trees, neural networks, and cluster analyses that were applied in order to classify customers according to their loyalty. Results: It has been proved that three groups of factors influence loyalty: (1) social and demographic factors concerning customer characteristics; (2) technical factors concerning the vehicle and the manner of its use; and (3) factors defining the evaluation of the service quality provided by the auto repair shops. Four segments of customers which vary in terms of formal characteristics and assessment of the quality of services were obtained. Conclusions: (1) identification of factors shaping customers' loyalty; (2) possibility of checking which changes of the quality of services may influence the loyalty of the customers; and (3) identification of the segments of the customers in the case of which the marketing strategies applied to increase the loyalty, must be treated with the utmost priority.
Introduction
The use of automobile vehicles plays a key role in the road transportation system. However, vehicles cannot remain new forever [1] . A continuous use of the vehicles results, both in their general wear and tear, as well as breakdowns [2] . Vehicle maintenance refers to a practice, where an automobile is serviced on a regular basis in order to prevent a major breakdown or the need for major repair. It is believed that an automobile vehicle will last longer and will operate better if its maintenance is carried out according to the prescribed schedule [3] . Designs of modern vehicles have advanced to a very sophisticated level. Therefore, the modern trend of mechanical services requires the use of more complex and highly technological diagnostic equipment, specialized tools, as well as competent stuff From the perspective of behavioral loyalty, despite of the quantitative attitude, it is also significant to consider the value attitude. Thus, despite of the frequency of purchasing goods or services, their value is analyzed as well [19] , and a factor, the so called SOW (Share of Wallet) is often applied [22] . It specifies the share of general expenses of a customer falling to a given supplier.
Loyalty in the behavioral perspective is currently superseded by the loyalty understood as an attitude, customer's approach determining his behavior [20] . The behavior of the customer is as important as the incentive of this behavior. This approach has been introduced in order to distinguish the customers who are loyal, merely due to the duress or lack of any alternative. These days, it is commonly claimed that incentive is the key element of the behavior of the customers [23] . D. Gremler and S. Brown [24] suggested the analysis of the definition of loyalty by way of combining its various aspects. According to their thesis, loyalty is the degree of (1) repeatability of a purchase in a given company; of (2) the positive attitude to a company; and (3) in case of a need of another purchase, the degree in which they consider buying a given product or service exclusively in that company.
A library query presents that in literature, we may encounter numerous papers on the factors that are shaping the loyalty of customers taking advantage of automobile services [25] [26] [27] [28] [29] [30] [31] [32] [33] .
The first paper includes the measurement of expectations within the scope of the quality of vehicles' repairs, as well as the measurement of satisfaction of the customers derived from the completion of this process in order to work out and to improve the customer service process [25] .
The other authors offer a compound model identifying the attributes of the quality that determine the selection of the auto repair shop by a customer [26] . It has been proven that the attributes influencing the selection of a given auto repair shop do in fact differentiate the assessment of the quality level of provided services.
The next researchers analyzed determinants forming customer loyalty on the basis of three services industries, including automobile repairs [27] . The influence of the quality of the product, quality of services, and fair prices exerted on the loyalty has been examined. It has been shown that customer satisfaction depends on these factors and it results in their loyalty. Other authors have also considered the impact of the quality of products and services in the automobile industry on the loyalty of the customers, especially on the intent of the next purchases [28] . The existence of the presumed positive connection has been confirmed here.
Another study of the same author concentrates mainly on the factors that are affecting the brand loyalty of the customers of the automobile industry [29] . It has been proved that the more satisfied the customer is, the more loyal with the brand he/she will be. Especially, after-sale service and an unbroken and positive relationship with the customer keep the organization alive. Furthermore, the study discovered a relationship between customer's trust and loyalty. Another paper provides a structural equation model with latent variables for modeling this complex relationship [30] . It reveals that high satisfaction leads to loyalty, but it is heavily affected by moderating variables, including entry barriers and variety seeking.
Customer retention can be analyzed from the behavioral, as well as from the economic point of view [31] . The author was able to show, from an economic point of view, that customer retention can be explained as a rational buyer behavior, since a long-term relationship generally helps to reduce agency costs if some type of contingent contract with the seller can be established.
Then, another paper provides a theoretical basis for modeling the complex relationship between satisfaction and loyalty [32] . Accordingly, customers move categorically from problem solving behavior to an evoked set of preferred alternatives as satisfaction increases. This should result in an increase in the impact of satisfaction on loyalty at a relatively high level of satisfaction, which subsequently decreases at an extreme level of satisfaction. Also, research on a relationship between customer service and product quality with customer satisfaction and loyalty in the context of the automotive industry was published, and it resulted in pointing out links between these four variables [33] .
V. Maheshwari, together with his team [34] , emphasized in the study the loyalty in the automotive market, that the role of the brand in the creation of customers' loyalty is considerably significant.
On the other hand, E. Izogo and I. Ogba [35] examined the dependence between the quality of services that are offered in the auto repair shops and the loyalty of the customers. The results of their study show that service quality dimensions are significant predictors of customer satisfaction and loyalty with the commitment dimension accounting for the highest degree of this impact.
It is worth mentioning that a great number of cited authors of the case studies indicate that the models that were proposed by them are the result of the research that was carried out in the territory of a given state. Moreover, no model based on the artificial intelligence with the ability to comprehensively specify the loyalty of the customers in the market of vehicle repairs, has been published. Such a model was proposed in the empirical part of this paper.
Methods
The empirical study was carried out in 2017 on the basis of a sample of 381 customers of auto repair shops with the use of traditional survey method. The questionnaire was composed of 50 questions that were divided into six sections. The first part of the questionnaire constituted formal characteristics of the customers (five variables), vehicles and the manner of their operation (four variables). In total, these characteristics cover nine variables. The second part of the questionnaire (13 variables) is represented by indicators that are describing two areas: customer loyalty for a given auto repair shop (six variables) and the price of provided services (four variables). The remaining three variables from this part concerning the purpose of the visit and other attributes have been treated as the independent ones and used for the creation of a quasi-activation function for neural networks. Whereas, the third part covers 28 statements, thanks to which we may assess various aspects of the quality of services that are provided by the auto repair shops on the seven-points Likert scales. The list of variables that are used in the research is attached in the Appendix A.
On the basis of the literature [19, 23, 24, 36] , it was presumed that customer loyalty would be considered in the behavioral and incentive aspect. Thus, three loyalty measures are proposed:
1.
behavioral and quantity-oriented (measured by the percentage of the visits in a given auto repair shop in the total number of visits-L). This is the number of visits of a customer in a favourite auto repair shop divided by the total number of visits of this customer in any auto repair in a given period of time. It is interpreted in % and it can take values from between 0% and 100%. The higher value of this index, the higher customer loyalty. This is a measure proposed by us; 2.
behavioral and value-oriented (measured by the share of a given auto repair shop in the expenses of the customer-SOW). This is the sum of expenses that were incurred by a customer in a favourite auto repair shop divided by the total expenses incurred by this customer in a given period of time. It is interpreted in % and can take values from between 0% and 100%. The higher value of this index, the higher customer loyalty. This is a measure proposed by us; and, 3.
incentive (measured by a tendency of the customer for giving recommendations for taking advantage of the services provided by a given auto repair shop). The NPS (Net Promoter Score) indicator that was recommended by F. Reichheld [36] was applied for the measurement of the incentive loyalty. Customers are divided into three groups, depending on their inclinations for recommending an organization to others:
• promoters (recommendation probability 9-10); • fence sitters (recommendation probability 7-8); and, • detractors (recommendation probability 0-6).
The value of the NPS indicator is a difference between the fraction of promoters and detractors. Since it is a difference of two percentage values, it is interpreted as an absolute measure (with no %) [36] . It can take values from the range from −100 to 100 points. The higher value of this index, the higher customer loyalty. Its author, F. Reichheld, suggests that in a decent, "positive" situation, it should be above 0. Average value of NPS equals to 10-15 points in many industries worldwide, while NPS = 50 means an excellent situation for an organization. For the leaders in creating customer loyalty, it can reach even 70-80 points (Harley Davidson, Amazon, Apple).
The presented analysis that is applied by selecting variables from 12 acknowledged models of services quality [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] .
The analysis used classification trees, neural networks, and cluster analysis. Classification trees have been applied as the method, according to which the variables were selected for the model. The above mentioned trees are the hierarchic and the explorative method that is used in the analysis of the structure of the set of observations applied in order to align the cases to k classes, which have not been known earlier. CART (C&RT) algorithm that was elaborated by Breiman and co-authors, was selected for the presented analysis [49] .
Then, the creation of the model used the neural networks being the part of the non-parametric iteration methods, which are included within the scope of the machine learning [50] . In this study, we applied neural networks of the MLP type (Multilayer Perceptron), which are a popular form of this method [51] . In order to choose the best model, 16 models of neural networks have been elaborated. They differ from each other in respect of:
• the structure (typology) of network meaning the number of the layers of the network, the number of neurons of the particular layers and the way they are connected with each other; • activation function applied initially; and, • values of the weight coefficients of the neurons building the network.
The applied networks have been created with the use of the R programming language and the neuralnet package. Network topology has been worked out on the basis of two techniques: generic and crossing technique widely discussed by R. Parekh, J. Yang, and V. Honavar [52] . Two activation functions have been tested: logistic function and tangent. Activation functions were the same for all the neurons in a given network. The following network learning algorithms have been used: backprop-backpropagation, rprop-Resilient backPROPagation, and smallest absolute gradient based on the change of its value in relation to the other. These algorithms belong to the traditional algorithms of the neural network learning based on the backpropagation [50] , and they are most frequently used in machine learning [53] . In order to assess the created neural networks, the following measures have been used, appropriate for a particular type of projected data: ASE (Average Squared Error) for L and SOW measures and MR (Misclassification Rate) for the NPS measure.
On the other hand, a cluster analysis that is used in the grouping of similar object into categories has been applied in order to carry out the segmentation of the customers of the auto repair shops. The term cluster analysis was introduced by R. Tryon [54] and was then developed by R. Cattell [55] . The purpose of this analysis is to divide the objects into the groups in a way allowing for establishing the strongest relationship between the objects among one group and the weakest relationship between the objects from the remaining groups. The k-means method i.e., a non-hierarchic method, has been applied. Non-hierarchic methods are computationally the fastest, however they require that the presumed number of clusters be declared, what affects the obtained segmentation [56] .
Results

A Conceptual Model
It is assumed that the loyalty is affected by various factors, which may concern the particular features of a given respondent, the manner of the use of a vehicle and the perception of the quality of services that are offered by the auto repair shops. Figure 1 presents a decision tree in the behavioral, counted (quantitative) perspective, i.e., the frequency of taking advantage of the services that are provided by the auto repair shops. It was pruned merely to the most important factors.
The analysis of Figure 1 proves that the variables, which differentiate the customers in respect to the loyalty in the best way, include: the origin of a vehicle (S1) and the variables being the attributes of the quality of services that are provided by the auto repair shops: attractiveness of promotional materials concerning provided services (P4), assistance from the auto repair shop employee when selecting spare parts (P19), modern equipment (P1), cleanness and tidiness in the auto repair shop (P6), as well as complexity of provided services (P21). Whereas, Figure 2 demonstrates a loyalty classification tree in the value-oriented perspective. The analysis of Figure 2 proves that the key role in the loyalty classification in the value-oriented perspective is also played by the quality of the services that are provided by a given auto repair shop. The most diversifying factor is the attractiveness of information materials concerning the services that were offered by an auto repair shop (P4). The same factor is also significant in the case of the quantity-oriented perspective. The next factors are the following attributes of service quality, including: complexity of provided services (P21), availability of maintenance materials and spare parts at the moment of need (P5), proper documentation connected with the provision of a given service by the auto repair shop (P10), individualization of services that are provided by the auto repair shop, their adjustment to the needs of the customers (P14), and the origin of the vehicle (bought as a new or used vehicle-S1). The comparison of these two perspectives shows that significant variables are repeated in both cases. On the other hand, a decision tree for the incentive perspective is presented in Figure 3 .
On the basis of data included in Figure 3 , it may be stated that the key significance should be ascribed to the variables concerning the perception of the quality of services that are provided by the auto repair shop. In this case, the most important factor is the kindness of the auto repair shop workers (P17) and the next in line are: comprehensibility of provided services (P21) and the modern looking equipment (P1). Variables P1 and P21 are highly significant in two other perspectives. Whereas, such variables specifying the age of a used vehicle (S2) are placed at the third level of the tree, together with the assistance in the selection of operation materials by the auto repair shop workers (P19) and the provision of the services in line with the customers' expectations (P11). In every case, the analysis of the first three levels of the tree reveals that 12 variables among the 37 variables that were taken into consideration in the study, are present. Four variables are included in two perspectives and one variable is found in all three cases. Thus, it may be stated that in all three perspectives, we observed a significant repeatability of the appearance of the variables.
Taking the above deliberations into consideration, it is concluded that the customers loyalty towards the auto repair shops depends on various factors, which may be divided into three groups:
• socio-demographic concerning customer's characteristics; • technical concerning a vehicle and the manner of its operation; and, • the ones concerning the perception and assessment of the quality of services that are provided by the auto repair shops.
Therefore, we created a conceptual model of the dependencies between three analyzed groups of factors and three perspectives of customers loyalty. The said model is presented in Figure 4 . Formulated conceptual model was transformed into a measurement model, presented in Section 4.2 of this paper.
A Model Based on Neural Networks for Predicting Customers Loyalty
On the basis of our conclusions, 13 variables were used to project loyalty: (1) age of the respondents (K2); (2) the origin of the vehicle-new or used (S1) and the variables measuring the compatibility with the statements claiming that: (3) the materials concerning the provision of the services by the auto repair shop (leaflets, folders, website) are visually attractive (P4); (4) operation materials and spare parts that are used by the auto repair shop, which are available in the course of the provision of a service in case of need (P5); (5) the auto repair shop is clean and tidy (P6); (6) documentation connected with the provided services is correct (P10); (7) the services that are offered by the auto repair shop are in line with customers' expectations (P11); (8) the services are individualized and adjusted to the needs of the customers (P14); (9) the auto repair shop is prepared to provide a given service every time that it is needed (P16); (10) the workers employed in the auto repair shop are kind and polite (P17); (11) the worker of the auto repair shop is helpful in selecting operation materials and spare parts (P19); (12) the auto repair shop guarantees an alternative vehicle to be used during the repair (P20); and (13) the services that are offered by the auto repair shop are provided in the comprehensive way (P21). The remaining variables were not considered due to the correlation with the variables listed above or due to the marginal impact on the projected variable. In Table 1 we present 16 different variants of models which were tested. As can be seen in the last three columns in Table 1 , from among analyzed neural networks, the model based on the backpropagation error with three hidden layers (in Table 1 marked as Mod1) proved to be the best. Average Squared Error for the loyalty expressed by the frequency of the visits (L) is 0.288 and for the loyalty in the value-oriented perspective (SOW) it is even lower and equals to 0.166. These low values translate into extremely high efficiency of the network (projection accuracy). Whereas, Misclassification Rate for the NPS measure turns out to be relatively high, with the amount of 0.75, while the projection with the use of this network gives much better results than the random classification.
The forms of the obtained neural networks are presented in Figures 5-7 for the loyalty expressed by L, SOW, and NPS, respectively. In connection with the above, it may be stated that the created neural networks project the loyalty of the customers of the auto repair shops in appropriate manner.
Discussion of the Obtained Customers Segmentation
The formulated model has an application value. The significance of applications of the model and analyses is illustrated with the use of a comparison of the loyalty measures for various groups of customers. On the basis of the identified model that is based on neural networks, the most important segmentation criteria have been indicated. These are K2, S1, P4, P11, P19, and P21 variables. They have been selected in a manner, which allows for the remaining groups to differentiate customers with respect to all of the loyalty measures in the best possible way. As the k-averages algorithm requires an a priori assumption as to the number of clusters, the solutions for three, four, and five segments have been tested. The greatest differences in the values of the loyalty measures have been obtained for the solution covering four segments, which have been accepted as the final ones. Figure 8 presents segmentation of customers.
On the basis of the results of cluster analysis that are presented in Figure 8 , it may be concluded that each of the four segments has its own characteristics. The first segment covers persons above 40 years of age, who more often than the other groups buy used vehicles, assess the level of the quality of the information materials presenting the services that are offered by the auto repair shops at the low level, however they simultaneously assess the assistance that is offered by the workers of the auto repair shop at the high level. The second segment includes persons above 40 years of age, but they more often buy new vehicles. Moreover, these customers assess the quality of the promotional materials of the auto repair shop and the comprehensiveness of the offered services at the high level. In the third segment, there are persons above 50 years of age, who also buy new vehicles, but they differ from the third segment in respect to the assessment of the selected attributes of the quality of provided services in that way that they assess it much worse. Whereas, the last, the fourth segment is mainly composed of young persons. Table 2 presents the values of the quality measures for each segment. The analysis of data presented in Table 2 suggests that the particular segments significantly differ from each other in respect to the loyalty. It is especially visible in the case of L and NPS rates, in the case of which the difference between segment 1 and 4 amounts, respectively, to 20 p.p. and 37. Whereas, in the case of the SOW indicator, this difference is also high and it amounts to 9 p.p. In general, the results of the study show that taking into consideration the values of all three measures; the customers of segment 1 are the most loyal ones. In this segment, the values of all three measures are the highest and amount to: L = 80%, SOW = 53%, NPS = 0. Segment 1 mainly includes the persons above 40 years of age, who much more often buy used vehicles, they assess promotional materials of an auto repair shop at the low level, but the assistance provided by the workers of the auto repair show is highly valued. Customers from the second segment seem to be moderately loyal, as despite significantly lower values of the quantity-oriented (L = 66%) and value-oriented (SOW = 47%) measures, the level of behavioral measure is high (NPS = −5). Customers above 40 years of age are moderately loyal, but they buy new vehicles more often. Additionally, they assess the quality of promotional materials that are published by the auto repair shops high, which is similar to the comprehensiveness of the offered services. Finally, customers that are included in segment 3 and 4 are the least loyal. This group is composed of persons above 50 years of age, who mainly buy new vehicles and assess the quality of provided services at the low level (segment 3, L = 64%, SOW = 46%, NPS = −31), or in the first place, young persons i.e., segment 4 (L = 60%, SOW = 44%, NPS = −37).
Conclusions
The carried out analysis led to the following conclusions. Firstly, within the scope of projecting loyalty of the customers taking advantage of technical services and the repair of passenger cars:
• weak incentive-oriented loyalty of the customers is confirmed by the value of the NPS indicator, which amounts to −20.2 for the entire population under study, i.e., the hypothesis H1 has been verified; • the loyalty of the customers towards the auto repair shops is diversified and it depends on: (1) the characteristics of the customer; (2) the characteristics of the used vehicle and the manner of its operation; and (3) the assessment of the quality of the services that are offered by the auto repair shop. The attributes of the quality of the after sales service diversify the loyalty of the customers much better than the variables concerning customer's characteristics or vehicle's characteristics and the manner of its operation. Therefore, hypothesis H2 has been verified; • the obtained neural network model appropriately projects the loyalty of the customers of the auto repair shops that is expressed by each of the three accepted measures. In that way, hypothesis H3 has been verified.
Secondly, within the scope of the segmentation of the customers of the auto repair shops in respect of the loyalty, it has been stated that, when taking the values of all three loyalty measures into consideration, the customers from segment 1 present the strongest loyalty. The values of the loyalty measures are as follows: L = 80%, SOW = 53%, and NPS = 0. The customers from segment 2 are moderately loyal, which is mainly due to the relatively high value of NPS = −5, with the pruned L = 66% and SOW = 47% values. Whereas, consumers that were included in segment 3 and 4 represent the lowest level of loyalty towards the auto repair shops. The values of L measurement amount to, respectively: 64% and 60%, SOW 46%, and 44%, whereas NPS −31 and −37. Thus, the hypothesis H4 has been verified.
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Appendix A. In auto repair shop there is a place for customers waiting for service provision.
P8
Auto shop provides services on time.
P9
Auto repair shop provides its service correctly in the first attempt.
10
P10
Auto repair shop prepares proper concerning service provision.
11
P11
Auto repair shops provides services accordingly to customer expectations.
P12
An existing fault is recognized by auto repair shop correctly in the first attempt.
P13
After providing a service by auto repair shop a car is given back to the owner in not worsen condition. 
